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FOREWORD 

The  research program e n t i t l e d  I I Inves t iga t ion  of H o l l o w  
Cathode Exci ta t ion Source for  Water V a p o r  Measurements," 
IITRI Project No .  C-6137,  w a s  a u t h o r i z e d  under Con t rac t  
No .  NAS5-11501, Goddard Space F l igh t  C e n t e r ,  Greenbel t ,  
Maryland, 

The  work described i n  t h i s  report was performed d u r i n g  
the  period of January  5, 1968 t o  January  5, 1969, 

Fersonnel  who c o n t r i b u t e d  t o  the project were G. Lm 
Johnson, J. Y. Reich, and D r .  E. L. Grove 
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ABSTRACT 

INVESTIGATION OF HOLLOW CATHODE EXCITATION SOURCE 
FOR WATER VAPOR MEASUREMENTS 

The lack of instrumentation capable of measuring water 
vapor concentration accurately at altitudes between 25 km and 
70 km prompted the research contained in this report, From 
previous work performed at IITRI, it was known that the emis- 
sion of light at 6562.8 k was particularly efficient from the 
hollow cathode excitation of hydrogen. A program was thus 
initiated to find a cathode geometry which emitted light of 
this wavelength over a t w o  magnitude pressure range, and to 
study the effects of various parameters such as flow rate, 
current, pressure, etc. on the output at this wavelength with 
regard to hydrogen concentration in air, 

A geometry which fulfills the changing pressure require- 
ments was found. Spectral examination of the discharge, how- 
ever, showed relatively weak and poorly defined band structures 
in this region, No record of these structures have been found 
in the literature. These were associated with nitrogen. One 
structure was coincident with the 6562.8-L hydrogen line, 
This background emission made it difficult to determine the 
efficiency of the cathode in the ppm range of hydrogen concen- 
tration. 
been found which varied proportionately with the intensity of 
nitrogen emissions and/or with the intensity of the 6562.8-i 
hydrogen line as the pressure changed the above could have 
been a ccompl i shed , 

If another portion of the nitrogen spectrum hqd 
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INVESTIGATION OF HOLLOW CATHODE EXCITATION SOURCE 
FOR WATER VAPOR MEASUREMENTS 

I. INTRODUCTION 

One objective of this program was to lay the groundw,ork 
for a flyable instrument and/or a calibration instrument for 
measuring the water vapor concentration at altitudes betw4een 
25 and 70 km using a hollow cathode excitation source and 
spectrophotometric detection. Specifically, the program was 
designed as follows: 

To determine dependence of light output of the 
hollow cathode on total pressure, water vapor 
partial pressure, flow rate, and electrical 
power input, including determinatinn of the 
lower pressure limits. 

To calibrate the optics and sensor system in 
order to express the dependencies in absolute 
light output . 
To make a brief study and recommendation on 
instrument configuration, means of spectral- 
isolation of emission, and power required. 

To devise a technique for removal of inter- 
fering gases at representative partial pressures 
for altitudes above 25 km. 

The study described rn part (A) of the above was carried out 
by experimentation using various cathode geometries, gathering 
data on the effects of the above parameters, and evaluating 
the geometry from the standpoint of pressure range and 
hydrogen/nitrogen excitation. 

A cathode geometry was found which produces ample light 
output over the pressure range of 0*1-10 Torr. The excitation 
characteristics of this geometry were studied carefully. It 
was found that the underlying nitrogen spectrum contributes 
significantly to the total light emitted at 6562.8 A when 
hydrogen is present in trace quantities. Due to time livita- 
tions, a nearby line or band structure with the same excitation 
characteristics was not found. Since the background due tc 
this nitrogen structure may be subtracted from the total out- 
put to give the output due to hydrogen, it was necessary to 
find such a line or band structure before definitive results 
may be expected in the ppm hydrogen concentration range. 
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Callmation i n  terms of absctl;l+ e output was pei-fornied. 
Howe~tr, since time and spectral  L ~ i t  er ierences d i d  not make 

- possible t o  accomplish part ( A ) ,  ;.t was n o t  p rac t ica l  t o  
& v o t e  any appreciable time t o  pail  s (C) a11d (U) 

A,J The  Gas Handlinq System 
--a--_.---- - _--.-- 

T h e  requirements of t h e  gas handling system needed for  
t ! L s  project were as  follows: 

I .  

2 -  

3 ', 

4 ,  

s 7  

6 ?  

8, 

The 

Ability t o  hold a vzcuum i n  the order of Torr 
wi thoLl t -  leaks- 

Fteedom from water, hydrocarbon, or  other con+ amina- 
t i on -  

Ease of mixing and meter ing  moist and dry gases. 

P b i l i t y  t o  control flow r a t e  through hollow 
cathode assembly. 

Ability t o  o b t a i n  constant. pressures a t  various 
f Low rates- 

Faci l i ty  of accurate pressure measurement. 

Abili ty t o  supply dry, hydrocarhn-free a i r .  

A b i l i t y  t o  supply a i r  w i t h  a k n w n  water  concen- 
t r a t i o n ,  

schematic diagram of the gas handling system i s  shown 
in F i g u r e  I ,  Th i s  u n i t  contained no rubber  connections, si-9~- 
cock grease,  mercury manometer o i l ,  o r  p l a s t i c s  other than 
small areas of Teflon bushings and gaskets. The readabi l i ty  
of t o t a l  pressures was t o  0.003 Torr f u l l  scale. 

T h e  system was eesigned t o  operate at p a r t i a l  pressures 
cf water vapor down t o  ver, low concentrations, L e . ,  i n  the 
par t s  per million range, The following l is t  of pa r t s  refer 
t o  t h i s  f i gu re -  

A Mat heson IIZero Gas" compressed a ir  
B Catalyst - - f i l l e d  Vycor tube f i l l e d  with copper 

t u r n i n g s  
C Tube f u r n a c e  
D Glass bead-f i l l e d  trap (Dry ice-Acetone) - 

i a t e r  replaced as described below 
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Figure 1, GAS HANDLING SYSTEM 
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I c e - f i i  led s<a' 111 ator (Cold Bath) 
Flow meter ( + . - - 4 3  ml/min Air) 
Cathode coxpar? r ; m t  
Anode compartment 
Vacuum cold trap (Dry ice-Acetone) 
Oil diffusion punlp 
Mechanical vacuuri pump 
Baratron Pressure Sensing Head (MKS Baratron 

Vacuum cold trap (liquid nitrogen) 
Mercury diffusion pump. 

Pressure Meter. T y p e  90M-XRP) 

In operation. Matheson "Zero Gas" compressed air was 
passed over red-hot copper turnings to oxidize hydrocarbons 
which were present- 
a cold trap packed with 5-m. glass beads at dry ice-acetone 
temperatwe, ?he dried a i l  was then passed through a saturator, 
filled with finely crushe3 ice. in a constant temperature bath. 
By changing the co13 bath remperature. different concentrations 
of water vapor were abtaired\ Figure 2 shows the theoretical 
A eiat j onship between water. -par concentration by volume and 
temperature at one atmcsphere- The data €or this curve were 
obtained f r o m  a chart published by Consr+lidated Electrodynamics 
for cai zulat ing water -vapor concentrations from the dewpoint. 
To convert parts per nillion by volume to parts per million by 
weight. the foliobiny formula 1s used: 

The air thcs treated was passed through 

- ppm bi volume x 18 p p  by weisnt  - - --. 
mol- wto of dry air 

l h e  glass  &ad freeze-out trap, D, was subsequently shown 
to be relatively ineffective at removing moisture from the air 
supply Ice particulate as a result of quick freezing would 
pass throcgh the glass bead- This trap was replaced with a 
coil of f,;4 inch 0-d- copper tubing packed with activated 
charcoal and silica 3el The cooling of the coil was accom- 
plished by immersing it in a solid ether cold bath (-1OSOC)- 
This trap bas much more effective, 

Pressure measurement was accomplished by the use of an 
MKS Baratron Pressure Meter, type SaM-XRP with a type 90H-10 
pressure head.. The Baratron rreasuremer,ts in the vacuum range 
are indepepdent of the nature ar composition of the gas. True 
pressure (force per unit area) is measured rather than the 
ionization o r  thermal equivalents of pressure. Condensable 
vapors are a13u measured accurately, Pressure is read on the 
above instrument directly on a 4-2/2 inch, mirrored, center 
zero scale meter or as a null bridge, Using the instrument's 
null bridge function. the manufacturer's cnlibration data 
indicate that expected error is i t ]  the o r d a  Jf +O.l%. The 
principle of operation is to measure the displacement nf a 
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diaphragm by measuring c5anges in the capacitance of the 
system, 

B. Electronic-S_ygtsm 

Two basic detector systems were used in carrying out the 
experimentation, 
plier as the light sensorc The 7265 is a 14-stage head-on 
glass tube with S-20 spectral response. The current amplifi- 
cation produced by this tube at the voltages at which it was 
operated was in the order of lo6- 

Both systems used an RCA 7265 photomulti- 

Initially a chopped system with a chopping rate of 10 Hz 
was designed. An amplifier with a bandwidth of 1 Hz with 
maximum response tuned to 10 Hz was used to drive a chart 
recorder. This syster? provided a higher signal to noise ratio 
than was required- 
time constant which gave no indication of instantaneous changes 
in the discharge intensity, 

Its disadvantage was the relatively long 

The system used for m o s t  cf the work consisted of a dc 
amplifier used in conjunction with a chart recorder with fast 
response characteristics, 
plier w a s  small eno-igh to permit the manual adjustment of the 
amplifier zero point to eliminate the dc dark current and 
still obtain reasonable signal-to-noise ratios. 

The ac component of the photomulti- 

C .  Optical Calibration -- -- - -. - -c 
The purpose of this phase of work was to calibrate the 

RC4 7265 photomultiplier tube in order to express the absolute 
light output due to known water vapor concentrations. A 
diagram of the device designed for these measurenents is 
shown in Figure 3 =  

The light source used for the calibration was a 300-watt 
reflector floodlamp with a frosted face. Light from the lamp 
was chopped. passed through a Corning #4600 infrared absorbing 
filter and diffused by a ground glass screen masked by a 
1-inch square stop, The purpose of this stop is to c a t  an 
image ca, 0-6-inch square on the face of the photomultiplier. 
The light. after passing through a 6563 A interference filter 
with ca, 8 . 4  bandpass, + Llumiriated the plane of the exit stop. 
The power density at this plane was determined by mounting an 
EG&G-SGD- 100 -L  silicon photodiode. calibrated by the manufac- 
turer in mperes/watt, with known active area, in the exit 
stop plane The  response curve is shown in Figure 4. 

For t h e  calibration, the lamp was placed 670 mm from the 
ground-glass disk- 
etop plane was determined as described above. 

The power denlrity of the light at the exit 
The photomultiplier 
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fitted with a 2 x 0.06 mm stop then replaced the photodiode. 
Peak-to-peak readings of the output of both the photodiode and 
photomultiplier were made using an oscilloscope and the results 
cakulated to express photomultiplier output in terms of 
amperes per watt. 

Figure 5 shows the absolute responsivity of the 7265 RCA 
photomultiplier versus applied voltage. The responsisivity is 
equal to the maximum nominal value quoted by the manufacturer. 
The departure from linearity at high PM bias is systematic. 
At these intensities the signal is large enough to appreciably 
alter the bias on the anode and on the last dynode. 

111. EXPERIMENTAL RESULTS 

A. Cathode Geometry 

The initial studies on cathode design were carried out 
using the unit shown in Figure 6. This was a modification of 
the unit used by McNalley et al. (1) for lithium isotope assay 
and was a design used to monitor the major constituents in 
cabin atmospheres (2) at intermediate pressures, Le., 0.2 to 
0.3 Torr. An advantage of this design was that the cathode 
could be quickly and easily changed. Any geometry which c~uld 
be machined into a 1/2-inch diameter rod shorter than l-I/2 inch 
could be studied. 

The first geometry used was a gold foil lined cylindrical 
cathode ca. 5-mm diameter by 14 mm deep. The anode chamber 
was also gold lined. The total pressure was varied from 0.1 
to 10 Torr using ambient air at ca. 7% absolute humidity. An 
EMF of 2000 volts was established between the anode and cathode. 
The power supply was set  to deliver 10 ma. At intermediate 
pressures the cathode cavity appeared to be uniformly illumin- 
ated with a reddish-purple glow. At low and high pressures 
in the range, the radiance was nonuniformly distributed. The 
lower pressure discharges appeared as a central bright spot 
with another less intense glow extending from the spot to the 
walls of the cathode. Increasing pressure causeC this spot to 
become less intense and tend toward the uniformity of radiance 
mentioned above. At pressures of ca. 3 Torr and atwe, a 
central dark spot formed. 

A spectrographic plate showed the hydrogen line at 6562.8 
at all pressures and a background spectrum attributed to nitro- 
gen at pressures greater than 0.5 Torr. At 0.1 and 0.2 Torr 
the hydrogen line was conspicuous and the nitrogen structure 
appeared to be absent despite an increase of exposure time 
from 30 to 60 seconds. The hydrogen line was much less intense 
at 0.1 than at 0.2 Torr. 
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Since optimum catho& diameter apgroximates electron mean 
f ree  path,  v a r i a t i : i s  1 1  behavior were expected over the 100- 
fold pressure range of interest ,  The cathode glow originates  
w i t h i n  tne hollow partion of the  cachode, Previous work ( 2 )  
indicated maxjmurr i n t e n s i t y  for  a g l v e n  concent .at ion when 
depth approximates twice the diarnete; 

From t h e  above observations, it was expected tha t  a coni- 
cal  cavity would provide a range of pi-oportionate depths ane 
5iameters. A cavity wi th  a 60° cone w i t h  a n  entrance diameter 
of 1 cm was machined from an aluminum cylinder, With t h i s  
geometry the br ight  spot pe r s i s t s  t o  higher pressures than 
previously, The dark spot could not  be produced consistently 
a t  t h e  continued higher Fressures. 

Since the  conical gecorrietry seemed t o  produce a more u n i -  
forit discharge o v e r  t he  p r e s s u r e  range, additional experimenta- 
t i o n  was continued w i t h  G C  \ cy l ind r i ca l ) ,  30" and 60° cone 
georrletries, The e l e c t r i c a l  charac te r i s t ics  fo r  the cylindrical  
and 30° cones showed a qui te  w e 1 3 .  d e f i n e d  constant-voltage 
plateau f o r  the pressures of 0.5,  1.0 and 8 Torr. Figure 7 
shows t h e  increasing posi t ive slope as  the pressure is  reduced 
for  t h e  60° cone cathode. 

A spectrographic exiimination of the l i g h t  emitted a t  
6 5 6 2 - 8  h with respect t o  pressure showed the output of the 30" 
cone t o  be more uniform than that  of the cylindrical  ( O O )  or  
60° conical cathode, 

The i n i t i a l  experiments -der-e conducted a t  an EMF of less 
than 800 vol t s ,  A t  voltages higher than th i s ,  e l e c t r i c a l  
breakover occurred i n  the  system resul t ing i n  pa ra l l e l  d i s -  
charges, These discharges used power tha t  would normally be 
used by the  cathode discharge, A t  t he  same t i m e  there was a 
marked decrease i n  the output of t h e  l i g h t  intensi ty .  

T h e  a i r  was drawn in to  the anode and exhausted around the 
cathode, Figure 6. The primary location of t h c 3 ~  discharges 
was the  insulat ing glass  t u b e  connecting the cathode to +.tie 
metal exhaust tube.  T h e  application of large EMF ac:)Gs this 
insulator caused the potent ia l  gradient t o  exceed f'ic 3resho ld  
required t3  produce ionization of the  gas molecules ai23 t h u s  a 
discharge results. T h i s  s i tua t ion  was eliminated by Zengthening 
t h i s  tubulation by a fac tor  of four, which decreased the poten- 
t i a l  gradient t o  a point where igni t ion would not take place. 

A f t e r  t h i s  modification, application of greater EMF'S 
showed that  some sites of pa ra l l e l  discharge s t i l l  existed,  
These were the ports  i n  the cathode holder which permitted gas 
flow around, ra ther  than through the  cathode. The cathode 
holder was redesigned t o  eliminate these ports.  The sygtem 
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incorporated a ' I f  low-through1' corlf iguration i i ?  which the gases 
passed d i rec t ly  through the  cathode. 

Prior t o  the above modifications, the l igh t  output fo r  
the 6562.8-A hydrogen l i n e  was of usable i n t e n s i t y  only between 
ca. 0 . 4  and 3 Torr. W i t h  these changes, the range was extended 
t o  less than 0.1 Torr wi th  2000 vo l t s  applied t o  the cathode. 

Several configurations of the flow-through cathodes were 
explored. These were of the general type  shown i n  Figure 8, 
d i f fe r ing  only i n  the angle 9. Room a i r  was used a t  t h i s  t i m e  
which had an absolute humidi ty  of anproximately 1%. 

I n  most of the cathodes s t u d i e d ,  there were pressures a t  
which the  e l e c t r i c a l  charac te r i s t ics  and the hydrogen l i n e  
i n t e n s i t y  would ch,nge abruptly. T h i s  change was caused by 
the discharges entering t h e  #SO t h -  Jgh-drilled hole while 
scanring the pressure range from t low t o  the high end. T h e  
point a t  which t h e  change takes place i s  in f luenced  by current 
d e n s i t y  i n  the discharge a s  w e l l  a s  the angle of the cone. 

T h e  data indicate for  the gernefries s tud ied  tha t  the 
hislier the current d e n s i t y ,  the  lcder the  pressure required t o  
cause t h i s  t r ans i t i on  t o  take place. Other experiments have 
shown that  varying hole  s ize  also changes the  gressure a t  which 
t h i s  t rans i t ion  takes place, W i t h  t h i s  t r ans i t i on  taking place 
it would be d i f f i c u l t  t o  maintain cal ibrat ion of t he  device, 
and thus  t h i s  type of flow-through configuration i s  not w e l l  
s u i t e d  for  t h i s  application. 

T h e  next geometry s tud ied  was the one i n  which the cxhodes 
were open a t  both ends  and enclosed i n  a glass  envelope. The 
f irst  experimental cathode was copper, 1/2-inch diameter and 
1 inch i n  length. Upon application of 2000 vol t s  EMF' a t  low 
pressure, the discharge lit up most of the glass  envelope i n  
which the  cathode was contained w i t h  a pale bluish glow, As 
the pressure was increased, t h i s  glow became more i n t e n s e .  I n -  
creasing the pressure fur ther  caused the glow t o  move closer t o  
the cathode u n t i l  ( a t  approximately 1 Torr) the discharge was 
only i n  and around the catho3c F u r t h e r  increase i n  pressure 
caused the glow i n s i d e  thc: cathode t o  become more f a i n t  (as  
w e l l  a s  t o r o i d  shaped) u n t i l  a t  ca. 5 Torr the in s ide  of the 
cathode appeared t o  the eye  to be completely dark while the  
o u t s i d e  was still glowing brightly.  Increasing the  pressure 
beyond t h i s  point caused pa r t s  of the ex ter ior  of the cathode 
t o  stop glowing u n t i l  a t  ca, 1 2  Torr most of the outer surface 
of t h e  cathode was dark. It  was found tha t  by increasing the 
c u r r e n t  density i n  the  d ischxge ,  the glow could be kept inside 
the cathode u n t i l  higher pressures were reached. T h i s  cathode 
was rather short l i v e d .  The current d e n s i t i e s  required t o  keep 
both the i n s i d e  and the outside of t he  cathode glowing were 
suff ic ient  t o  heat the cathode t o  the melting point of the 
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Figure 8 .  TYPICAL FLOW THROUGH CATHODE DESIGN 
(8' = 30°) 
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s i l v e r  solder used t o  hold the cathode t o  i t s  e l e c t r i c a l  con- 
t ac t  and support wire. The l igh t  output, when the discharge 
rrJas on, appeared t o  be a t  l ea s t  as bright t o  the eye as i n  the 
other cathode configurations tried t o  daA2, sc experimentation 
was continued. 

R series of three differeat tantalum-lined glass  cathodes 
were designed, F i q i r e  9, and mounted, Figure 10, so tha t  the  
e l ec t r i ca l  par t s  could be eas i ly  changed. A l l  metal pa r t s  of 
the ca tkde  except the end of the tungsten wire and the  tanta- 
l u m  f o i l  l i n e r  are  insulated f r g m  the vacuum chamber. The 
vacuum seai i s  made near the open end of t he  7-mm Pyrex tube.  
The anade was a #14 copper w i r e  ring, 2-1/4 inches i n  diameter, 
that  could be held i n  d i f f e r e n t  posit icns with respect t o  the 
cathode . 

T h e  photographs for  the following discussion were taken 
w i t h  a Polaroid Model llOB camera using N o .  47 high-speed f i l m .  
Time and stops were 1/15 sec and f/32. A l l  end-on views were 
taken h i t h  the Polaroid plus four c-oseup l e n s ,  nine inches 
away from the cathode and  through a Corning 2-73 f i l t e r ,  This 
was done i n  an attempt t o  match the f i l m  record more closely 
t o  what the eye observed. 

For each cathode configuration a t  the lower pressures, 
the discharge extended w e l l  i n  front and behind the  cathode 
regardless of the anode position. This is i l lus t ra ted  i n  
Figures 11, 1 2 ,  and 14, A t  the higher pressures i t s  posit ion 
sppeared t o  de te rmine  whether the discharge appeared a t  the 
front o r  rear of the cathode, Figures 16 and 17, 

An observation which i s  not par t icu lar ly  c lear  i n  t h e  
phctographs is the presence of a th in  re la t ive ly  intense l i n e  
which extends down the  center from the  front  t o  the back of the 
cathode a t  t3e lower pressures, A t  s l i gh t ly  higher pressures, 
the t h i n  l i n e  is replaced by an apparently solid discharge 
zolumn, wl ~h also appears i n  the center without touching the  
walls of the cathode. By t h i s  t i m e  the Jischarge has almost 
zompletely moved in to  the cathode, Figure 15, A t  s t i l l  higher 
pressures, the center of t h i s  column seems t o  fade ar,d t h e  
discharge expands outward toward the walls of t he  cathode, t h u s  
forming a toroid-shaped discharge, Figures 16 and 17. A t  the  
same t i m e  the discharge appears t o  shrink i n  length. I n  the  
case of the 3/8-inch diameter cathode, t h i s  expansion and 
shriliking continues u n t i l  a t  ca. 8 t o  12  Torr, part  of the  
discharge i s  extinguished arid a crescent-shaped glow persists 
apparently i n  contact with the wall of t he  cathode, Figure 17. 
I t  should be noted that  i n  the 1/4-inch diameter cathode, 
F igure  1 3 .  at 10 Torr the discharge is  still- i n  the form of a 
re lat ively bright toroid.  Also note that  a t  0.5 Torr, the 
1/4-inch diameter cathode s t i l l  exhibi ts  the same characteris- 
t i c s  that  i t  d i d  a t  0 .2  Torr except for  increased i n t e n s i t y ,  
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Flc. es 1 2  and 1 3 .  I t  has a l so  been observed tha t  a f a in t  
disinarge i s  present i n  the 1/4-inch cathode a t  pressures 
below 0.04 Torr. 

As previously discussed for  the tubGlar cathodes a t  pres- 
sures lower than  ca. 0.5 Torr, the discharge consisted of a 
very t h i n  l i n e  through the center of the  cathode. As the 
pressure was increased t o  ca. 0.5 Torr, the discharge abruptly 
changed shape and e l e c t r i c a l  character is t ics .  The discharge 
then appeared t o  be a so l id  concentric cylinder within the  
cathode, with a noticeable annular dark spaze between the d i s -  
charge and the in t e r io r  cathode wall. Decreasing the  cathode 
diameter caused t h i s  t r a n s i t i o n  t o  occur a t  higher pressures. 
Therefore larger cathode diameters were examined t o  extend the 
range of the cyl indrical  discharge mode below 0.5 Torr. 

The f i rs t  large diameter cathode was 1 i n c h  diameter by 
1 inch long and  was of tbe  type descr ihd i n  Figure 18. The 
discharge changed from a d i m  f i n e  l i n e  co an i n t e n s e  cylineer 
a t  ca, 0,13 Torr ,  As previously noted, a large portion of the 
cylindrical  discharge also extended i n  f ront  of and behind the 
cathode. The next geometry underwent t rans i t ion  a t  ca. 0.08 
Torr with 2000 vo l t s  applied EMF’. It should be noted tha t  
alehough the discharge while i n  the cylindrical  form requires 
only cam 500 vol t s  EMF t o  operate through most of the  range, 
the 2000 vol t s  i s  required t o  obtain s u f f i c i e n t  c u r r e n t  dens i -  
t i es  t o  cause the t rans i t ion  t o  take place. 

A s  observed w i t h  the  other r ight  cyl indrical  geometries, 
the 1 i n c h  by 2-1/2 inch cathode exhibited several types of 
discharge, A t  low pressures the dischayge was a f a in t  t h i n  
l i n e  through the center of the cathode, Figure 18A. A s  the 
pressure was increased, the discharge abruptly changed t o  a 
sol id  cy l inde r  tha t  extended the length of the cathode. I n -  
creasing the pressure fur ther  caused the  discharge diameter t o  
increase, Figure 19, A t  ca. 0 .5  Torr the discharge appeared 
t o  t h e  eye t o  be less i n t e n s e  i n  t h e  center. Increasing pres- 
sure above 0,s Torr caused the center of the discharge t o  
become less i n t e n s e  as w e l l  as shrink i n  length t o  form a 
toroid a t  t h e  anode end of the cathode, Figures 20 and 21. A t  
ca-. 2 , s  Tor r ,  part  of the toroid extinguished t o  leave a cres- 
cent-shaped discharge, F i g u r e  21.  

The r e l a t ive  in tens i ty  of the  6562.8-w hydrogen and the  
6614-w nitrogen bandhead are  plotted with respect t o  pressure, 
F i g u r e  22- The variation i n  current, voltage and power are  
a lso included, I t  i s  t o  be noted tha t  the  r e l a t ive  spectral  
i n t e n s i t y  for hydrogen is  the  greatest  a t  t he  l o w  pressures 
and decreases as t h e  pressure increases, while the r e l a t ive  
intensity for nitrogen passes through a maximum a t  abo1.t 0 . 2 5  
1 0 ~ ~ -  The large zhange i n  the voltage-current response a t  
2.5 Torr CorEesponds t o  Lhe formation of the crescent-shaped 
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discharge, Figure 21, A similar series of curves was obtained 
with different series resistors. 

It should be noted that the photomultiplier gain used was 
considerably greater in measuring the intensity of the nitrouen 
banehead since it is considerably less intense than the hydro- 
gen line when using room air at ca. 1% water-vapor concentra- 
tion, The hollow cathode cell, Figure 23, designed for through- 
flow was used with the 1-inch cathodes. An unanticipated 
result of this anode-cathode configuration was the formation of 
an anode column along the axis of the holder behind the cathode, 
which almost filled the area between the anode and cathode in , 

the 0.09- to 5-Torr range investigated, This may be eliminated 
if desirable by changing the anode placement relative to the 
cathode. 

Since the large diameter cathodes seem to be effective in 
the low pressure region, and the small diameter is effective in 
lower pressures, a modification of a conical cathode was logi- 
cal, Two cathodes with slightly different geometries were con- 
structed, Figure 24, The main difference between the two was 
the diameter of the small opening, Cathode (11, Figure 24, 
was used first with the large cylinder anode in position A. 

With 2000 volts EMF applied, the discharge lighted 
abruptly at ca. 0.8 Torr and continued to emit usable light 
even when the pressure exceeded 10 Torr. Still using the 
first cathode holder but using a small annular ring anode in 
position B, the above behavior was still observed at higher 
pressures, but the discharge was initiated at ca, 0.3 Torr, 

From previous work with other geometries, it was known 
that increasing the size of this hole would give better charac- 
teristics at the low end of the pressure range with the sacri- 
fice of output at the high end, The new cathode holder was 
prepared and tested with an annular ring anode. The discharge 
initiated at ca. 0,065 Torr and emitted usable light above 
15 Torr, 

These cathodes were prepared from tantalum foil, It was 
found, however, that the small part of the cathode oxidized 
badly after a comparatively short running time causing exces- 
sive fluctuations in the light output and electrical charac- 
teristics. This problem was solved by replacing the tantalum 
with platinum. 

Figure 25 shows the relative outruts of the 6562.8-L 
hydrogen line, and the 6553-w nitrogen bandhead, as well as 
the electrical characteristics voltage, current and power, all 
versus pressure, The photomultiplier gain used for measuring 
the nitrogen bandhead was agein considerably greater than that 
used for the hydrogen line. The air used was room air at ca. 
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1.2% absolute humidity. As with previous geometries, the rate 
of flow through the cathode did not seem to greatly influence 
output or electrical characteristics. The 6553-i line in the 
nitrogen band structure was chosen after a study to determine 
which of the many lines in the vicinity varied most closely 
with the 6562.8-4- line on whose slope the hydrogen line 
appears. 

B. Spectral Studies 

The initial spectral studies with the tantalum cathode 
were performed with a Spex No. 1800 3/4-meter Czerny-Turner 
high aperture spectrograph. This unit had been modified such 
that a photomultiplier tube holder with a 2 0 0 ~  exit slit was 
used in place of the plate holder. As set up initially using 
a relatively wide entrance slit, loop, and the ak-ve exit slit, 
effective resolution was approximately 2 A. With the nitrogen 
or air background in this region, a +1% precision in the 
100 ppm range was not possible. An examination of this region's 
photographic plates from some previous work, on a high resolu- 
tion instrument, showed this background structure, as illus- 
trated in Figure 26, could be resolved much further. From 
Figure 26, prepared from dry hydrocarbon-free air, it would 
appear that more resolution was necessary. Figure 27 illus- 
trates the spectrum of air containing water obtained with the 
spectrometer yielding an effective resolution of 0.6 A. This 
tracing was encouragirg and greater resolution should improve 
the line signal-to-background ratio. If this greater resolu- 
tion should completely resolve the background from the hydrogen 
line, actually a doublet, then an excellent line-to-background 
ratio should develop, If complete resolution is not obtained, 
then the relative variation of a neighboring minima may be 
observed as a function of pressure and discharge current and 
the line-to-background over the pressure range can be estab- 
lished, There is no particular point of obtaining a resolution 
better than 0,l because the separation of the hydrogen doublet 
is 0,124 i, 

For these reasons the hollow-cathode system was set up on 
a 3,4-meter E b e r t  mount spectrograph capable of 0.1 or less 
resolution. 

An exit slit for the Jarrell-Ash spectrograph was con- 
structed by scribing a loci groove in a vacuum-deposited aluminum 
film on glass, After installation, it was found that the spec- 
tograph was too slow to yield a usable signal-to--noise ratio 
from the photomultiplier. Since photographic plates offered an 
alternative means of studying this region, several sets  were 
taken. Positive enlargements of the region of interest appear 
in Figures 28 and 29. Figure 28 was taken using room air at 
cam 8000 ppm absolute humidity, and Figure 29 was made with 
dried air- The halation and graininess of the film, as well as 
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a l a r g e r  e n t i - m c e  slit  l imi t ed  the  a v a i l a b l e  r e s o l u t i o n  tc the 
o r d e r  of cii. 0.05 mm. The hvdrogen l i n e  s t ands  ou t  i n  F igu re  28.  
I r l  Ficrure 29, t h e  f a i n t  ind ic . j t ion  of a l i n e  a t  t h i s  wavelength 
i s  either a weak n i t r o g e n  or the a i r  was not  a b s o l u t e l y  
dry .  

Later the p h o t o m u l t i n l i e r  t ube  and hollow catlJde assembly 
w e r e  i n s t a l l e d  on a l-meter Czerny-Turner scanning  monochromator 
w i t h  a d j u s t a b l e  ex i t  and e n t r a n c e  sl i ts .  Actua l  r e s o l u t i o n  w a s  
between 0.1 and 0.2 A. Scans were made i n  both f i r s -  and second 
order for  the 6 5 6 3 - k  r eg ion  f o r  dry n i t r o g e n ,  d ry  ai, and room 
a i r  us ing  both p la t inum and gold cathode l i n e r s .  Gold w a s  used 
t o  replace p la t inum t o  see if the r e a c t i v i t y  of hydrogen w i t h  
the platinum-palladium metals w a s  i n f l u e n c i n g  the spectra. N o  
differences were observed. 

The spectral s c a n s  for  d r y  n i t r o g e n ,  A r y  a i r  and room a i r  
are shown i n  F igu res  30, 31, and 12, r e s p e t i v e l y ,  These . .cans 
show a n i t r o g e n  l i n e  at the hydrogen wavelength,  F igu re  30 and 
F i g u r e  31, which v a r i e s  i n  i n t e n s i t y  w i t h  c o n c e n t r a t i o n  and of 
such  i n t e n s i t y  tha t  'the i n f l u e n c e  of approximzL ;y 1% water 
vaipor has l i t t l e  eEfect. W e  have been unable  t, f i n d  t h i s  l i n e  
reported i n  the l i t e r a t u r e  either as  an atomic l i n e  or as part 
of a band. Photographs i n  the second order of t h i s  r eg ion  
show t h i s  t o  be a sharp l i n e  clearly v is ib le  throtlgh the m o r e  
d i f r s e  hydrogen l i n e  f r o m  the 1/2 t o  1% w a t e r  vapor range. 
Above these c o n c e n t r a t i o n s  the spectral response  for hydrogen 
becomes a f u n c t i o n  of c o n c e n t r a t i o r ,  The ad.di t ion of helium 
i n  SO% or greater by voluLie r e d u c  'he n i t r o g e n  response  and 
g r e a t l y  enhances the hydrogen l i n e  - , l t ens i ty .  

The higher r e s o l u t i o n  also showed a sl-orter p e r i o d i c i t y  
of a i r  spectrum t h a n  had been expected from other spectral 
scans -  The  ou tpu t  observed  at :he 6 5 6 2 - k  l i n e  appeared t o  be 
i n  keeping w i t h  t h i s  p e r i o d i c i t y ,  The presence  of t h i s  bsck- 
?round l i n e  makes q u a n t i t a t i v e  measurements of hydrogen con- 
c e n t r a t i o n  more d i f f - r c u l t  t h a n  p lanned  s i n c e  the  l igh t  emitted 
by exci te i  hydrogen atoms i s  added t o  t h i s  background. The 
i n t a n s i t v  of the backgrouwi emiss ion  is governed by the same 
parameters as  i s  the hydrogen emiss ion ,  namely, pressure, 
c u r r e n t ,  cathode t e l r m r a t u r e ,  etc.  I n  the exper imenta t ion  
carried ou t  t o  date, ano the r  l i n e  has n o t  been found that  
v a r i e s  i n  t h e  same p r o p o r t i o n  as the l i n e  benea th  the 6562- i  
hyarogen l i n e  w i t h  changes i n  the above parameters. 

PhotoGraphs of t h e  4861 .3 - i  hydrogea l i n e  and i t s  spectral 
region at first l7oked promising i n  spite of the fact  that t h i s  
i s  a much weaker l i n e  t h a n  the 6562 .8 - i  l i n e .  However ,  a t  low 
concent  ra t  i c n  a backgr.ouiid appeared that  also made it d i f f i c u l t  
to rieasurl; l o w  i o n c e n t r a t l o n s  w i t n  a degrce of p r e c i s i o n ,  
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IV, SUMMARY 

T h e  work desc r ibed  i n  t h i s  report c o n s i s t s  of the des ign  
and c o n s t r u c t i o n  of a gas hand l ing  system w i t h  gas p u r i f i e r  
that  i s  be l i eved  t o  be capable of d e l i v e r i n g  gases w i t h  less 
than  0.5 ppm hydrogen concen t r a t ion ;  the design, c o n s t r u c t i o n  
and s tudy  of several t y p e s  of cathode geometries, and the 
e x p l o r a t i o n  of t he  spectral r eg ion  n e a r  the 6562.8-A hydrogen 
l i n e .  A hollow ca thode  geometry was found which operates over  
the p r e s s u r e  range  of 0.1-10 Torr, 

The  s tudy  of the 6562.8-A spectral r eg ion  rovea led  tha t ,  
under the c o n d i t i o n s  used i n  the exper iments ,  n i t r o g e n  emiss ion  
a t  6562.8-x r eg ion  was much more i n t e n s e  t h m  had been a n t i c i -  
pa ted .  R e l a t i v e l y  weak band s t r u c t u r e s  on each s ide of the 
6563-k hydrogen l i n e  were known t o  ex is t ,  bu t  a l i n e  d i r e c t l y  
under the hydrogen l i n e  had n o t  p r e v i o u s l y  been observed, 
S ince  the l i g h t  emiss ion  a t  the above wavelength i s  the sum of  
the n i t r o g e n  and  hydrogen emiss ion ,  the emiss ion  due t o  the 
hydrogen may be found by s u b t r a c t i o n  i f  the n i t r o g e n  i n t e n s i t y  
i s  known. It was observed that the u n c e r t a i n t y  i n  measuring 
the emiss ion  due t o  the n i t r o g e n  emiss ion  w a s  compara t ive ly  
high.  As a r e s u l t ,  a c a l i b r a t i o n  of hydrogen emiss ion  v e r s u s  
hydrogen concen t r a t ion  w a s  n o t  made, I f  it w e r e  possible t o  
f i n d  a n i t r o g e n  spectral l i n e  or band which varied p ropor t ion -  
a t e l y  w i t h  that  of 6562.8 h ,  t h i s  u n c e r t a i n t y  woald be g r e a t l y  
decreased  and such a c a l i b r a t i o n  would be possible. 
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